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Abstract 
Obesity in children is a health crisis because the problem is increasing in most developed coun-
tries. This study measures the relationship between body mass index (BMI) of children aged 7 - 12 
years residing in Luxembourg and the weight and socioeconomic status of their parents. The data 
used are from the 2007 Socio-Economic Panel Liewen zu Lëtzebuerg/European Union-Statistics on 
Income and Living Conditions survey, which covers a population of approximately 10,000 people. 
The study sample includes 775 children whose weight and height were recorded to calculate their 
BMI. The descriptive analysis with the socioeconomic distribution of the children’s BMI and the 
multilevel logistic regression of the probability to be in overweight or obese were performed. The 
mean BMI of children was 17.4 kg/m² for boys and girls. The prevalence of overweight was 21.2% 
(including 3% who were obese). Weight status, educational level, physical activity, and eating 
habits of parents were associated with BMI in children. Furthermore, children of foreign national-
ity had 2.9 times more risk to be overweight or obese than other children of Luxembourg nation-
ality (OR = 2.90, 95%CI: 1.38 - 6.10). Children living in household with at least one parent who was 
obese were 6.51 times more likely to be in overweight or obese compared to those in household 
with both parents normal (OR = 6.51, 95%CI: 2.48 - 17.08). Overall, nationality and weight status 
of parents were the main determinants of children’s weight status. Promoting healthy diets and 
regular physical activity and educating parents on the consequences of overweight and obesity on 
children’s health in adulthood are effective strategies to control overweight and obesity. 
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1. Introduction 
Obesity in children is a health crisis [1]. The prevalence of overweight and childhood obesity is rising in most 
developed and urbanized areas [1]. Obesity in childhood is a public health problem for which consequences are 
both immediate and long-term. These consequences are physical (cardiovascular diseases and musculoskeletal 
disorders), emotional (low self-esteem and depression), and social (increased stigma, social marginalization, and 
discrimination) [2]. 

In 2001 and 2002, the prevalence of overweight ranged from 3% to 35% among adolescents aged 13 years 
and 5% to 28% among adolescents aged 15 years in different European countries [3]. In the European countries 
studied to date, prevalence among boys was higher than that of same-age girls (except for 15 year olds in Ire-
land). In 2006, the European Union estimated the prevalence of overweight as 30.4% and obesity as 7.1% for 
youngsters aged 5 to 18 years [4]. In Luxembourg in 2005 and 2006, the prevalence of overweight children be-
tween 11 and 15 years of age was estimated to be 12.5% [5]; for 11 year olds, the prevalence was 11% for girls 
and 14% for boys; for 13 year olds, it was 10% for girls and 15% for boys; and for 15 year olds, it was 9% for 
girls and 16% for boys [6]. These data from surveys conducted in schools reveal the extent of the problem but 
do not capture the influence of socioeconomic factors on the prevalence of overweight and obesity in children. 
The relationship between socioeconomic factors such as educational level, occupational status, and income and 
childhood obesity has been rigorously studied [7]-[27], yet this relationship has yet to be clearly established [15] 
[19] [20] [25]. 

A literature review [9] was conducted on the relationship between socioeconomic factors and childhood obe-
sity between 1990 and 2005. Of the 45 studies included in this review, 19 demonstrated an inverse association 
between socioeconomic status and obesity, 14 found associations in subgroups, and 12 did not show any rela-
tionship. Fifteen of the 20 studies, however, revealed associations between educational level and childhood obe-
sity. 

The diversity of results is probably attributable to the exposure-measuring methodologies [15]. Authors define 
socioeconomic status in different ways: it may be defined by the educational level, professional category, in-
come, or composite indices [21]. 

To determine the level of overweight and obesity, several BMI references have been employed [28]-[31]. 
Among these, the International Obesity Task Force (IOTF) curves are recommended for international compari-
sons, and are several other references to broaden possibilities for comparison [30] [31]. 

The aims of our study were: 1) to measure BMI and prevalence of overweight and obesity in children and 2) 
to measure the relationships between children’s overweight or obese and parents’ weight status and socioeco-
nomic characteristics. This is a novel research approach in Luxembourg because it is based on data collected at 
the household level. Luxembourg, a founding member of the European Union, has very little, to our knowledge, 
information about children obesity and its socioeconomic determinants likely to promote international compari-
sons. 

2. Methods 
2.1. Population 
This study’s data were presented in the 2007 Socio-Economic Panel Liewen zu Lëtzebuerg/European Union- 
Statistics on Income and Living Conditions (PSELL/EU-SILC) survey on household income and living condi-
tions. This survey covered 3885 households that were surveyed between February 2007 and July 2007, repre-
senting 10,419 people including 2519 children younger than 16 years of age. For this study, 775 children aged 7 
to 12 years were included. Using a questionnaire, demographic and socioeconomic information on children and 
parents were collected. All items in the questionnaire concerned individual and household characteristics at the 
time of the survey, with the exception of revenue matters relating to the year preceding the survey. 

2.2. Measures 
The prevalence of overweight and obesity in children was measured using self-reported weight and height. BMI 
is calculated by dividing weight in kilograms by height in meters squared (weight/height2). In our study, only the 
IOTF references for comparison [31] were used. 

For parents (adults who constitute the household, not necessarily biological parents), the value of BMI was 



A. Tchicaya, N. Lorentz 
 

 
2324 

self-reported but based on height, weight, and the interpretation of the investigator who visited the interviewee. 
The person should choose the value of BMI within a card. The investigator transcribes the questionnaire BMI as 
corresponding to the intersection of height and weight. For adults, World Health Organization references were 
used. Overweight was defined as having a BMI between 25 and 29.9, and obesity was defined as a BMI ≥ 30.  

Parents’ weight status was also assessed, because it is assumed that parental weight reflects both the nature of 
genetic transmission and culture of overweight and obesity in children. This culture influences parent’s choice 
of the food that will be available for their children. A variable of overweight status of parents was defined as 
following: parents are normal, at least one parent is obese, and at least one parent is in overweight. 

2.3. Socioeconomics Variables 
Parents’ educational, occupational statuses and living conditions are considered. Parents’ education level was 
classified by the highest level of education attained by the father and mother and was defined according to the 
International Standard Classification of Education (ISCED) in 3 classes: primary, secondary and tertiary educa-
tion. The status of occupational activity (active or not) was used to consider time costs related to parents’ food- 
related decisions and parents’ ability to acquire quality food and provide recreational activities outside the home 
[32] [33]. Occupational statuses were defined as a dichotomous variable. For living conditions, we considered 
that individuals were in poverty when household’s income was below 60% of the national median equivalised 
disposable income (Eurostat definition). 

2.4. Behaviour Variables 
Three household behaviour variables were considered in this study: physical activity, family eating habits, and 
following a diet. 

Physical activity performed by parents is a categorical variable: both parents practise physical activity, only 
father practises physical activity, only mother practises physical activity, and none of parents practise physical 
activity. Parents’ physical activity is likely to affect the behaviour of their children by encouraging them to par-
ticipate in activities that can keep their weight under control.  

The assessment of family eating habits by the father and/or mother: Parents rated their family diet as 1) very 
balanced; 2) more balanced; 3) rather unbalanced; 4) unbalanced; 5) it does not concern you; and 6) you do not 
know. This parameter was broken down into a dichotomous variable as follows. Diet was considered balanced if 
the parent (father and/or mother) identified with the first 2 descriptions. Diet was considered unbalanced if the 
parent (father and/or mother) identified with the other 4 descriptions. 

The frequency of following a diet during the last 3 years preceding the survey was defined by interviewees in 
1 of 4 ways: 1) yes, permanently; 2) yes, several times a year; 3) 1 to 3 times over the 3 years; and 4) not fol-
lowing a diet. These data were transformed into a single dichotomous variable as follows: the parent was con-
sidered to have completed a food regimen if he/she answered 1 of the first 3 terms, otherwise not diet.  

2.5. Socio Demographic Variables 
Adjustment variables were sex, age, and nationality of children (Table 1). Age was expressed as a categorical 
variable. Children’s nationality was taken into account because of the high proportion of foreigners living in 
Luxembourg (42.9% in 2010) [34]. 

2.6. Statistical Analysis 
Two types of statistical analyses were conducted: 1) descriptive analysis with the socioeconomic distribution of 
the children’s BMI; and 2) multilevel logistic regression. 

1) An initial descriptive analysis was performed by calculating the mean BMI in children according to sex and 
then crossing children’s BMI with socioeconomic characteristics of their parents. The χ² test was used to assess 
the degree of significance. 

2) We used a multilevel logistic regression with two levels to measure the relationship between overweight in 
children and socioeconomic characteristics of parents. The first level concerns the individual characteristic of 
children, and the second level is represented by the socioeconomic characteristic and overweight’s risk factors 
for parents (level-household). Assuming that the probability to be overweight or obese may be statistically  
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Table 1. Distribution of children’ BMI by socioeconomic characteristics.                                           

 
Boys  Girls  Total  

N Mean (Std) p N Mean (Std) p N Mean (Std) p 

Age (years)          

7 - 8 113 16.7 (2.7)  137 16.4 (2.7)  250 16.5 (2.7)  

9 - 10 158 17.1 (2.8)  132 16.7 (2.6)  290 16.9 (2.7)  

11 - 12 123 18.6 (4.0)  112 19.3 (3.5)  235 18.9 (3.8)  

Nationality          

Luxembourgers 228 16.8 (3.8) ** 203 17.0 (4.1) * 431 16.9 (4.0) ** 

Foreigners 166 18.4 (2.8)  178 17.8 (2.5)  344 18.1 (2.7)  

Education level of 
father          

Primary 82 19.1 (3.1) ** 96 19.0 (2.8) ** 177 19.0 (2.9) ** 

Secondary 209 17.0 (3.7)  193 17.0 (3.7)  402 17.0 (3.7)  

Tertiary 103 17.2 (2.4)  92 16.5 (2.4)  196 16.9 (2.4)  

Education level of 
mother          

Primary 97 18.9 (3.3) ** 111 18.1 (3.3) ** 207 18.5 (3.3) ** 

Secondary 187 16.8 (3.5)  187 17.4 (3.6)  375 17.1 (3.6)  

Tertiary 109 17.3 (2.4)  82 16.1 (2.0)  191 16.8 (2.3)  

Living conditions 
(available income)          

In poverty 56 18.6 (2.7) * 63 19.0 (2.9) ** 119 18.8 (2.8) ** 

Out poverty 338 17.3 (3.5)  318 17.0 (3.2)  656 17.2 (3.3)  

Occupational 
status if mother          

Works 214 17.1 (3.1) * 219 17.9 (3.3) * 433 17.5 (3.2)  

Not works 180 17.9 (3.4)  162 16.7 (2.9)  342 17.3 (3.2)  

Source: EU-SILC 2007; calculated by the authors. * < 0.05, ** < 0.001. 
 
dependent on both the variance of individual characteristics (level 1) and the parent’s characteristics (level 2), 
we considered a multilevel logistic regression analysis based on a logit link function and a function of binomial 
distribution [35]-[38].  

Statistical analyses were performed using SAS Software 9.2, and all results were weighted with an effect rela-
tive to the sample size. The multilevel logistic regression models were carried out with the NLMIXED proce-
dure [39]. 

3. Results 
Table 1 presents the distribution of the mean BMI of girls and boys based on their age, nationality and parents’ 
socioeconomic characteristics. The mean BMI of children was 17.4 kg/m2 and ranged between 16.5 kg/m2 and 
18.9 kg/m². Children of foreign nationality have a mean BMI slightly higher than Luxembourg natives. Children 
whose parents only reached the primary level of education had a higher average BMI than those whose parents 
reached secondary and higher education. A slight social gradient was observed for all children, except when it 
comes to considering them separately by gender. Children belonging to households living below the poverty line 
had a higher average BMI (18.8 kg/m2) than those belonging to households living above the poverty line (17.2 
kg/m2). 

The mean BMI of children (girls and boys) was associated with their mother’s employment status. The aver-
age BMI of boys whose mother did not work was higher than the BMI of boys whose mothers worked. However, 
the mean BMI of girls was higher when the mother worked.  
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Table 2 shows the distribution of children’s BMI by overweight’s risk factors for the parents. When the par-
ents were obese, mean BMI was higher regardless of the sex of the child. The BMI of children was also associ-
ated with parents’ participation in physical activity. Children whose parents did not practice physical activity 
had a higher BMI. Parents’ eating habits (referring to the balance of power and not the monitoring of diets) were 
associated with BMI in children. Mean BMI is higher among children whose parents rated their diet as unbal-
anced or who had followed a weight-loss program at least once during the 3 years preceding data collection.  

Table 3 presents the results of the multilevel logistic regression of the probability to be in overweight or 
obese in depending socioeconomic characteristic and risk’s factors for parents. The empty model established the 
variation by household in the probability to be in overweight or obese among children. The second-level vari-
ance (Random level 2) ranged from 24.14 in the empty model to 12.29 in the full model, but it is not statistically 
significant. Only nationality of children had significant effect on the probability to be in overweight or obese 
among the individual-level characteristics. Children of foreign nationality had 2.9 times more risk to be in 
overweight or obese than other children of Luxembourg nationality (OR = 2.90, CI: 1.38 to 6.10). 

Among the household-level characteristics, only the coefficients of the fixed effects of the overweight status 
of parents were statistically significant. Children living in household with at least one parent is obese were 6.51 
times more likely to be in overweight or obese compared to those in household with both parents are normal 
(OR = 6.51, CI: 2.48 to 17.08), and those living in household with at least one parent is in overweight were 2.54 
times more likely to be in overweight or obese compared to those in household with both parents are normal. 
Other household explanatory variables were not significantly associated with the probability to be in overweight 
or obese.  

4. Discussion 
Children aged 7 to 12 years, living in Luxembourg had, on an average, normal weight status compared with in-
ternational standards of the IOTF [31]. There was no difference between girls’ and boys’ obesity prevalence, in 
contrast to findings in some European countries [2]. The prevalence of overweight is higher in boys regardless 
of age; this result was already observed in Luxembourg in people age 16 years and older [40]. 
 
Table 2. Distribution of children’s BMI by overweight’s risk factors for parents.                                     

 

Boys  Girls  Total  

N Mean 
(Std) p N Mean 

(Std) p N Mean 
(Std) p 

Overweight status of parents          

At least one parent is obese 121 19.1 (3.9) <0.0001 78 18.7 (3.2) <0.0001 199 18.9 (3.6) <0.0001 

At least one parent is in  
overweight 184 16.9 (2.6)  186 16.8 (3.1)  370 16.9 (2.8)  

Both parents are normal 89 16.3 (2.9)  113 17.2 (2.9)  202 16.8 (2.9)  

Physical activity of parents          

Both parents practice physical 
activity 160 16.9 (2.4) 0.0015 157 16.3 (2.8) <0.0001 317 16.6 (2.6) <0.0001 

Only father practice physical 
activity 68 17.6 (3.6)  52 17.5 (2.4)  119 17.6 (3.1)  

Only mother practices physical 
activity 61 16.7 (2.9)  56 18.8 (4.1)  117 17.7 (3.7)  

None of parents practice Physical 
activity 105 18.6 (3.7)  116 18.1 (3.1)  222 18.3 (3.4)  

Family eating habits of parents          

Balanced 332 17.2 (3.2) 0.0003 329 17.3 (3.0) 0.3455 661 17.2 ( 3.1) 0.0027 
Unbalanced 60 18.9 (3.5)  52 17.8 (4.1)  113 18.4 (3.8)  

Following a diet by the parents          

No diet 267 17.0 (3.3) <0.0001 232 16.9 (2.9 0.0023 499 17.0 (3.1) <0.0001 
Diet 127 18.4 (3.1)  149 18.0 (3.6)  276 18.2 (3.4)  

Source: EU-SILC 2007, calculated by the authors. 
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Table 3. Multilevel logistic regression of the probability to be in overweight or obese in depending socioeconomic characte-
ristic and risk’s factors for parents.                                                                          

 
Model 0 Model 1 

(Empty Model) Odds-Ratio (OR) Confidence Interval (CI) 95% 

Fixed effects     
Intercept 6.79 0.01 0.00 0.10 
Sex     
Boys  ref.   
Girls  0.97 0.58 1.64 
Age (years)     
11 - 12  ref.   
7 - 8  1.65 0.87 3.16 
9 - 10  1.9 0.62 2.26 
Nationality     
Luxembourgers  ref.   
Foreigners  2.90* 1.38 6.10 
Education level of father     
Tertiary  ref.   
Primary  2.85 0.90 8.99 
Secondary  1.65 0.65 4.14 
Education level of mother     
Tertiary  ref.   
Primary  2.38 0.73 7.69 
Secondary  1.76 0.68 4.55 
Living conditions (available income)     
Out poverty  ref.   
In poverty  1.02 0.51 2.03 
Occupational status of mother     
Works  ref.   
Not works  1.09 0.62 1.93 
Overweight status of parents     
Both parents are normal  ref.   
At least one parent is obese  6.51* 2.48 17.08 
At least one parent is in overweight  2.54* 1.14 5.66 
Physical activity of parents     
Both parents practice physical activity  ref.   
Only father practice physical activity  2.20 0.88 5.51 
Only mother practice physical activity  2.61 0.98 6.97 
None of parents practice Physical activity  2.14 0.93 4.93 
Family eating habits of parents     
Balanced  ref.   
Unbalanced  0.67 0.32 1.43 

Following a diet by the parents     
No diet  ref.   
Diet  1.01 0.55 1.86 

Random effects     
Level 2 : between household variation 24.14 12.29 0.90 168.53 

−2 log likelihood 1367.9 668.70   
Source: EU-SILC 2007, calculated by the authors. * significant figures (p < 0.05). 
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The relationship between socioeconomic factors of parents and BMI of children is identical to previous lit-
erature findings [15] [18]. Lioret and colleagues [18] showed that children aged 6 to 14 years have a lower risk 
of overweight when the socioeconomic status of the head of the household is higher (managers and profession-
als) or medium (employees, technicians) rather than low. 

Nationality of children tends to represent in this relationship with BMI doubly disadvantaged [12]. Nationality 
affects parents’ socioeconomic position, which influences overweight and obesity in children. In England, the 
prevalence of overweight was higher among foreigners than the general population [41]. Our results show a 
strong association between overweight and obesity of children and nationality, which reflects the fact that the 
probability to be in overweight or obese was 2.9 times higher in children of foreign nationality compared to 
children of Luxembourg nationality.  

The education level of parents, especially the mother, and the health of children has been the subject of pre-
vious studies [27] [42]. Several studies have shown inverse relationships between the education level of parents 
(especially the mother) and BMI in children [9] [43]. In our study, these relationships exist from bivariate analy-
sis. Therefore, these associations are not statistically significant with multivariate analysis.  

Our results show that the parental weight status is associated with overweight or obesity in children. This as-
sociation was more strongly when at least one parent is obese. These links reflect the genetic and cultural trans-
mission of overweight and obesity from parents to children [41] [43] [44]. According to Anderson and col-
leagues [44], children of overweight mothers were approximately 3 points of percentage more likely to be obese, 
and children of obese mothers were 8 points of percentage more likely to be obese. Apart from a child’s age, 
weight status of parents seems to have the strongest relationship with BMI or the fact to be in overweight or 
obese in children [41] [43] [45]. 

Overweight and obesity in children are linked to the image that parents reflect and behaviour they try to in-
culcate in their children, in particular, food habits and physical exercise [25] [46]. In our study, physical activity 
of the mother or father was not associated to the children’s overweight or obesity.  

Household eating habits are considered environmental factors that contribute to health inequalities [47] [48], 
particularly those relating to the weight of children [25] [26]. Indeed, parents are a child’s first social referent, 
and they learn to love eating the food their parents eat or avoid eating the foods their parents do not eat [25]. 
Parents who regularly change their food choices and eating habits should be more attentive to the nutritional 
balance of the food to help control their child’s weight [26]. In our study, the dietary habits of both parents were 
associated with BMI in girls. Children whose parents consider the household diet to be unbalanced are more 
likely to have higher a BMI. But, there are not significant association after adjusting by other variables 

For the mother or father, following a diet during the 3 years before the study was a predictor of weight prob-
lems in the household and can be related to eating foods that are high in fat and/or low levels of physical activity. 
In our study, BMI was, on an average, higher among children living in households in which at least 1 parent re-
ported that he/she was following a diet. However, multilevel logistic regression did not showed that relationship. 

The relationship between the employment status of parents and children’s weight status has been the subject 
of several studies during the past decade [32] [33] [45] [49]-[56]. There may be a positive and significant rela-
tionship between the average number of hours a mother works per week and overweight in children, but this re-
lationship is not systematic and varies, depending on the age of children. For some authors [49]-[56], a child was 
more likely to be overweight and obese if his/her mother worked many hours per week. In contrast, Strauss and 
Knight [45] believe that children with parents who do not work are more likely to become obese than children 
with parents who have managerial occupations. In our study, multilevel logistic regression analysis led us to 
note the absence of statistically significant relationships between employment status of the mother and the 
probability to be overweight or obese.  

The relationship between parents’ socioeconomic status and overweight and obesity in children is relatively 
complex. Indeed, low socioeconomic status may lead to risky behaviours (poor diet, lack of physical activity, 
and sedentary lifestyle) and can result in obesity and overweight [24] [25]. Conversely, children living in rela-
tively wealthy households are more likely to receive attention or special care from parents who offer a variety of 
physical and cultural activities and educate their children on the virtues of a healthy diet. 

Our study’ limitations primarily relate to data reporting regarding the weight and height of children and BMI 
of parents. Some studies suggest that parents tend to underestimate the problems of overweight and obesity in 
children [57]-[60], this situation is more pronounced when parents themselves are overweight. Despite the exis-
tence of such a risk, self-reported weight and height can reliably predict the prevalence of obesity and associated 



A. Tchicaya, N. Lorentz 
 

 
2329 

behaviours. The absence of data on physical activity or the degree of physical inactivity among children also 
was a limitation; migration behaviour is important when predicting overweight in adolescents [61]. 

5. Conclusions 
Girls and boys have an average BMI that is identical and normal according to international classification sys-
tems. Our study shows the existence of statistically significant relationships between overweight’s risk factors of 
parents and their children’s obesity. It confirms that children’s weight status is strongly influenced by family and 
social environment. Weight status of parents appears to be one of the main determinants of children’s weight 
status. These links are relatively complex because they involve multiple dimensions (genetic, dietary behav-
ioural, lifestyle, and education). 

It is important to promote a healthy diet and regular physical activity early in life and to better educate parents 
about the likely consequences of overweight and obesity on children’s health in adulthood. 
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